We engineer topological insulating phases in a fermion-fermion mixture on the honeycomb lattice, without resorting to artificial gauge fields or spin-orbit couplings and considering only local interactions. Essentially, upon integrating out the fast component (characterized by a larger hopping amplitude) in a finite region of dopings, we obtain an effective interaction between the slow fermions at half-filling, which mimics an alternating magnetic flux and triggers a quantum anomalous Hall phase, then referring to a topological Mott insulator [S. Raghu, X.-L. Qi, C. Honerkamp and S.-C. Zhang Phys. Rev. Lett. 100, 156401 (2008)]. If the second species involves spin-1/2 particles, this interaction may induce a quantum spin Hall phase. By increasing the on-site Hubbard interaction, we identify a quantum phase transition towards a Mott state. Such fermion-fermion mixtures can be realized in optical lattices or in graphene heterostructures.
Introduction-The quest of topological phases in the absence of a net uniform magnetic field, has attracted a great attention recently in the field of condensed matter physics, in connection with the spin-orbit coupling and artificial gauge fields [1] [2] [3] [4] . The realization of such phases has become important due to their physical properties such as the edge transport and potential applications for spintronics [5] . The HgTe quantum well and three-dimensional Bismuth analogues have been a perfect area for the quantum spin Hall effect and topological band insulators [6] [7] [8] [9] . In addition, the quantum anomalous Hall effect and its version on the honeycomb lattice, the Haldane model [10] , have been observed with photons [11, 12] , cold atom systems [13] and magnetic topological insulators [14] . Synthetic gauge fields and spin-orbit couplings are currently vastly investigated in optical lattices [15] and photon analogues [16] . Engineering topological phases through interactions is also interesting on its own. Interactions may also localize the charge, through Mott physics. The transition between topological band insulator and Mott phase has been largely addressed [17] [18] [19] [20] [21] [22] . An example of topological band insulators induced by interactions, resulting in topological Mott insulators, has also been proposed by Raghu et al. [23] on the honeycomb lattice. This scenario requires however that the next-nearest-neighbour interaction exceeds the nearestneighbour repulsion [23] [24] [25] [26] . In this Letter, we envision a fermion-fermion mixture comprising local interactions, for the realization of such topological Mott insulators.
This class of topological Mott insulators, which refers to topological band insulators induced by interaction effects [23] , must be distinguished from the other class of (three-dimensional) topological Mott insulators, which corresponds to a Mott phase where the spin sector is embodied by a band structure of a topological band insulator then giving rise to purely neutral spin edge modes [17] . Known examples of topological Mott phases also exist in one dimension [27, 28] . Topological band insulators can be generated by a Kondo interaction as well [29, 30] .
Cold atom graphene systems [31] and heterostructures on the honeycomb lattice may be relevant experimental realizations and the adjustability of the interactions among the mixture [32, 33] will allow for the exploration of various quantum phases. Mixtures of ultracold atoms have already attracted some attention for the realization of topological phases and supersolid phases, for example [34] . The idea here is that one copy of the mixture is much faster than the other, inducing an exotic Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction [35] on the partner copy (see Fig. 1 ).
Artificial Heterostructure and Effective InteractionWe propose a model on the honeycomb lattice with two species of fermions (c and f) among which there is one spinless species of fermions c and one spin-1/2 (or spinless) species f . The two species of fermions are coupled together via a repulsive interaction characterized by the coupling constant g cf . In the case of spins-1/2 f
). The filling factor of the particles c is a parameter that we will tune in order to have a favorable induced-interaction profile between the fermions f .
We consider the case where t c t f . The fermions c propagate much faster than the fermions f , justifying the Gaussian integration of the fermions c. The result does not depend on the sign of g cf . The induced susceptibility involves the Lindhard function:
in which f [ c (k)] is the Fermi-Dirac distribution of the fermions c with band energy (for the lower band), c (k) = µ c −t c 1 + 4 cos(
2 k x a) and IJ are the indices for the sublattices A and B.
We proceed and make the adiabatic approximation by putting ω → 0, such that we obtain an effective interaction between the fermions of the alternative species f . Here, N denotes the number of sites. We study the interaction on different sites as a function of the chemical potential µ c . The effective Hamiltonian between the ffermions takes the form:
We proceed with a numerical integration of the momenta within the first Brillouin zone. Nesting vectors connecting the Fermi surface give an oscillatory profile to the effective RKKY interaction.
We explore the phase diagram as a function of the chemical potential µ c (see Fig. 2 ). At the doping µ c = 0.6t c , we find an attractive interaction on the nearest neighbour sites V 1 −0.01116g 2 cf /t c and a repulsive interaction on the second-nearest neighbour sites V 2 0.00988g 2 cf /t c for the leading order and in the case of spin-1/2 f fermions, we shall also include an onsite interaction V 0 0.104g 2 cf /t c . Intuitively, we can relate the order of magnitude of the interaction on different sites to a rough estimate of phases obtained from the scalar product of the nesting vectors and the vectors relating the sites (Fig. 3) :
] in which K belongs to the familly of nesting vectors, and R j are vectors connecting the next-nearest neighbours. φ 1 gives the negativity of the nearest-neighbour interaction (cos(φ 1 ) < 0) and φ 2 is close to 2π, leading to an important repulsion between the next-nearest neighbours
Below, we analyze the phase diagram induced by such interactions at µ c ≈ 0.6t c , and show that under realistic conditions, we can realize a quantum anomalous Hall phase [10] in the case of fully polarized f-fermions and a quantum Spin Hall phase for spin-1/2 fermions [6] .
Spinless Model -In the case of fully polarized fermions, the Pauli exclusion principle forbids two fermions to be on the same site, and the Hamiltonian reads:
The nearest-neighbour and next-nearest-neighbour definitions are in accordance with the notations in Fig. 1 
(Color online) The ratio of interaction Vi/V0 (i=1,2..6) as a function of doping, where i refers to the definition of sites in Fig. 1 . Below, we choose the doping µc = 0.6tc indicated by red vertical line in the plot. The modulation of the doping from µc = 0.6tc is noted by the red arrows. with V 1 < 0, V 2 > 0 and |V 1 | ∼ |V 2 |. Below, we consider the half-filled case for the f-fermions implying µ f = 0. We introduce the mean-field order parameters χ 2 = f † i f j i,j [23] . We allow for different phases on the sublattices A and B, which break the time-reversal symmetry spontaneously:
represents the magnetic fluxes induced by the g cf interaction and is equal to π 2 after minimizing the ground state energy.φ 2 = mπ (with m integer) for the ground state. One obtains the self-consistent equations [23] :
with h z = n=1,2,3 2V 2 |χ 2 | sin(k · R n +φ 2 ) sin(φ 2 ). The sum over n involves the next-nearest neighbour vectors
). An instability occurs at V 2c = 1.231t f [23] . Here, this corresponds to g cf > 11. 16 √ t c t f , which refers to the strong interaction limit. The spontaneous breaking of the time reversal symmetry and the introduction of the magnetic fluxes into the systemφ 2 triggers a quantum anomalous Hall effect [10] . Note that for large V 2 > 2.5t f , the system has been predicted to exhibit another phase [24, 25] . One could also expect the onset of a superconducting instability caused by the attractive V 1 interaction. This interaction induces a Bardeen-Cooper-Schrieffer (BCS) type coupling, and here the pairing is spinless. Since the wave function is odd under parity, the ground state wave function has the p-orbital symmetry for the spinless case [36] [37] [38] [39] [40] . For the spinful model, this could give rise to a d±id superconducting instability [41] [42] [43] [44] . More precisely,
We solve the BCS equations. We impose a cut-off energy Λ ∼ 3t f such that | f (k)| < Λ and study the critical values as a function of this cut-off energy:
We find:
We analyze the superconductivity threshold V 1c as a function of the cut-off energy, and find that for µ c = 0.6t c the quantum anomalous Hall effect always dominates. Here, χ 1 remains small at the phase transition.
We also see from Figure 2 that the interaction on the 4th nearest neighbours becomes more and more significant when increasing the doping from µ c = 0.6t c . If we include a 4th nearest neighbour repulsive interaction, this could trigger a charge density-wave modulation on the different sublattices. We solve the self consistent equations for V 4c as in Ref. [23] for different doping levels. Figure 4 shows that the quantum anomalous Hall phase is always more stable than the superconductivity and charge density wave instabilities for the half-filled condition µ f = 0. Quantum Spin Hall (QSH) Effect-Next, we also consider the case of spins-1/2 f-fermions with µ c = 0.6t c :
The Hubbard interaction takes the form U = U f + V 0 . We neglect the sub-leading effect of V 1 and V 4 which have already been addressed in the spinless situation. The next-nearest-neighbour interaction V 2 will trigger an instability described through the transformation [23] σ=↑,↓;σ =↑,↓
where χ µ ij = c † iα c jβ σ µ αβ with µ = (0, x, y, z) and we define σ µ = (1, σ x , σ y , σ z ) in terms of the Pauli matrices. Again, we adjust to zero the renormalised chemical potential of the f-fermions. Physically, if χ 0 = 0 then we are in a QAH phase, whereas when χ I = 0 with I = (x, y, z) then we are in a QSH phase. Through a careful analysis of the quantum fluctuations [23] , one establishes that the QSH phase is always favoured compared to the QAH phase for spinful fermions, due to the presence of Goldstone modes appearing from the breaking of the continuous rotational symmetry in the QSH phase. Therefore, we only take into account the order parameter χ I ij = c † iα c jβ σ I αβ associated with the I direction, where i and j connect the next-nearest neighbours in each sub-lattice. This conclusion has been reinforced by a Functional Renormalization Group analysis [23] .
We define, in the same way as in the spinless case,φ I as the average of the phase on the two sublattices and φ I the flux difference between two sub-lattices, for each When U < Uc and V2 < V2c, the system is in the semi-metal (SM) phase of graphene. When U < Uc and V2 > V2c, the system is in the QSH phase.
spin component I. Then, we write down the free energy of the system and solve the self-consistent equations to determine the order parameters as in the spinless case. For U = 0, the QSH phase will appear at the same critical value V 2c = 1.231t f obtained for spinless fermions [23] . By increasing the on-site repulsion U (or U f ), one expects a Mott transition resulting in the disappearance of the edge modes. We use the slave rotor representation [46, 47] to draw the phase diagram as a function of V 2 and U (see Fig. 5 ). We follow the procedure of Ref. [18] and details are given in the Supplemental Material [45] . When V 2 < V 2c , since χ I = 0, we recover the critical Hubbard interaction U c 1.7t f to reach the Mott transition [18] , which differs slightly from the critical value obtained with Quantum Monte-Carlo [48] . For V 2 > V 2c , U c is enhanced and becomes a function of V 2 .
In the Mott phase, the super-exchange magnetism results in a J 1 − J 2 model [49] , and J 2 relates to the order parameter χ I . If χ I is oriented along the z direction:
with J 1 = 4t 2 f /U and J 2 = 4V 2 |χ z | 2 /U . The bipartite Néel order remains in the x − y plane [18] . For an arbitrary orientation of χ I , the Néel order parameter lies in the plane perpendicular to the vector χ I . To summarize, we have introduced a Fermion-Fermion mixture in graphene-type lattices, with one fast component characterized by a large tunneling strength. We have shown that the interaction produced on the other species allows to implement in realistic conditions a Quantum Anomalous Hall phase or a Quantum Spin Hall phase. This gives the opportunity to observe topological Mott insulators in ultracold mixtures of 6 Li and 40 K. We acknowledge discussions with Doron Bergman, Walter Hofstetter, Peter P. Orth, Alexandru Petrescu, Stephan Rachel, Leticia Tarruell, and Wei Wu.
